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We report superconductivity and magnetism in a new family of topological semimetals, the ternary 
half Heusler compounds APdBi (R : rare earth). In this series, tuning of the rare earth /-electron 
component allows for simultaneous control of both lattice density via lanthanide contraction, as 
well as the strength of magnetic interaction via de Gennes scaling, allowing for a unique tun¬ 
ing of both the normal state band inversion strength, superconducting pairing and magnetically 
ordered ground states. Antiferromagnetism with ordering vector (4, 4, |) occurs below a Neel 
temperature that scales with de Gennes factor dG, while a superconducting transition is simul¬ 
taneously suppressed with increasing dG. With superconductivity appearing in a system with 
non-centrosymmetric crystallographic symmetry, the possibility of spin-triplet Gooper pairing with 
non-trivial topology analogous to that predicted for the normal state electronic structure provides 
a unique and rich opportunity to realize both predicted and new exotic excitations in topological 
materials. 

PACS numbers: 


Topological insulators (TIs) have recently caused a 
paradigm shift in the traditional classihcation of quan¬ 
tum phases of matter [EQ. Compared to condensed mat¬ 
ter states well understood using the concept of sponta¬ 
neous symmetry breaking, the lack of symmetry-breaking 
in insulators with topological order, including the in¬ 
teger quantum Hall states, is now understood to arise 
from the presence of non-trivial topological components 
and to lead to gapless boundary modes with chirality. 
In the so-called Z2 2D and 3D systems, these topolog¬ 
ically protected metallic states carry extreme interest 
due to their potential for realizing new technologies in 
spintronics and quantum computation. Combined with 
symmetry-breaking ordered states, TI states can give rise 
to unusual collective modes, such as M^orana fermions 
with superconductivity and axions 0 with magnetic 
order occurring in the topologically non-trivial materials. 
Besides the exotic collective modes, antiferromagnetism 
breaks time reversal and translational symmetries but 
preserves the combination of both symmetries, leading 
to a different type of TI, the antiferromagnetic TI j^. 
Despite extensive studies on bismuth-based TI materials 
[ij, only a few materials have been identihed that may 
harbor an interplay of symmetry-breaking and topologi¬ 
cal phases joj-Q. 


The large family of ternary half Heusler compounds 
is a prime candidate for combining topological and 
symmetry-breaking phases to explore new collective be¬ 
havior. These compounds straddle the border between 
topologically trivial and non-trivial electronic structure 
due to a strong tuning of the s- and p-like band inver¬ 
sion via atomic number, lattice density and spin-orbit 
coupling strength [l3-[l2. In addition, the stabilization 


of magnetic and superconducting ground states in these 
materials allows for a controlled interplay of symmetry 
and topology to be put to use. In particular, the rare 
earth-based RPdBi half-Heusler series is ideal for this 
purpose. Antiferromagnetic long range order has been 
observed in polycrystalline RPdBi at low temperatures 


13j |. promising emergence of antiferromagnetic topologi¬ 


cal states jl, [ij]- Moreover, in relation to the discovery 
of superconductivity in the related platinum-based com¬ 
pounds YPtBi [T^ and LuPtBi [l^, recent reports of 
superconductivity in ErPdBi 0 and LuPdBi sug¬ 
gest this family hosts an interesting interplay of ground 
states. 

Here we report a systematic study of superconductivity 
and magnetism in single crystals of the half-Heusler series 
RPdBi {R — Y, Sm, Gd, Tb Dy, Ho, Er, Tm, and Lu) 
grown using a Bi self-flux technique as described in the 
Methods section. We hnd that tuning the de Gennes fac¬ 
tor dG scales local-moment Neel order while simultane¬ 
ously suppressing the superconducting transition temper¬ 
ature Tc- Aspects of the superconducting state, including 
a possible spin-triplet pairing symmetry, conhrm RPdBi 
as a new non-centrosymmetric magnetic superconductor 
family. Overall, the combination of magnetism and su¬ 
perconductivity together with the lack of crystallographic 
inversion symmetry and tunable band inversion strength 
in this system provides a promising route to achieving 
new quantum states of matter. 

The MgAgAs-type crystallographic unit cell of the 
RPdBi family is readily tuned in size by using the lan¬ 
thanide contraction effect, whereby the cubic lattice pa¬ 
rameter is continuously reduced as heavier R elements 
are substituted. The lattice spacing has in fact been pre- 
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dieted as a key parameter which divides the i^PdBi sys¬ 
tem into trivial and non-trivial materials at the critical 
valne of ~6.62 A, where the calcnlated band inversion 
strength /S.E — E'rs — -E're crosses from positive to neg¬ 
ative {En is the energy of the bands with symmetry, 
with Fe twofold and ^ fonrfold degenerate with total 
momentnm J = 3/2) [l2|. As shown in Fig. 1, while Sm, 
Y, Dy, Tb, and Gd are expected to have AA < 0 and 
therefore trivial band topologies, the Ho, Er, Tm, and Ln 
systems with AE > 0 are expected to be non-trivial, with 
increasing band inversion strength as the lattice constant 
is fnrther redneed. 

At the same time, snbstitntion of different rare earth 
species allows hne-tnning of the magnetic properties, 
which are rather simple and well described by the pres¬ 
ence (or absence) of localized 4/ rare earth moments. 
Typical Cnrie-Weiss behavior is observed in the mag¬ 
netic snsceptibility, as shown in Fig. 2a, indicating the 
effective moments in the magnetic componnds are close 
to those expected for free ion moments (see TABLE 
I in Snpplementary Materials (SM)) with the exception 
of R—Sm, where the J-mnltiplet lying jnst above the 
gronnd state is very close in energy. The held depen¬ 
dence of the magnetization as shown in Fig.2d satnrates 
at high held, which also indicates that the /-electrons 
are well localized. In contrast, the non-magnetic mem¬ 
bers YPdBi and LnPdBi exhibit diamagnetic behavior as 
shown in the inset of Fig.2a. 

The R local moment snblattice leads to long-range an¬ 
tiferromagnetic (AFM) order in R—Sm, Gd, Tb, and 
Dy, as evidenced by abrnpt drops in snsceptibility shown 
in Figs. 2b and 2c, with transition temperatnres con¬ 
sistent with previons work on polycrystalline samples 
jm. Low-temperatnre specihe heat measnrements con- 
hrm the thermodynamic AFM transitions (see SM), and 
reveal low-temperatnre ordering in HoPdBi and ErPdBi 
at 1.9 K and 1.0 K respectively 13, [T^- We also ob¬ 
serve a preenrsor of magnetic order in TmPdBi, as evi¬ 
denced by a hnge divergence of heat capacity reaching ~ 
10 J/mol at the lowest measnred temperatnres. 

The ordered magnetic strnctnre for DyPdBi was de¬ 
termined by nentron dihraction measnrements on a sam¬ 
ple of randomly oriented ernshed single crystals, and 
clearly reveals magnetic Bragg peaks corresponding to 
half-integral rehections of an fee type-II antiferromagnet 
as shown in Fig. 3a. This magnetic strnctnre is charac¬ 
terized by a donbling of the simple fee Dy nnit cell along 
all three crystallographic directions as illnstrated in the 
inset of Fig.3b, snggesting a similar strnctnre proposed 
for topological antiferromagnetism BQ. We note that 
for R — Tb and Ho, we obtain the same spin strnctnre as 
DyFdBi. A mean-held ht of the temperatnre dependence 
of the intensity of the Q — Bragg peak (Fig. 3b) 

resnlts in Tw = 4.9 K for single crystal TbFdBi, in good 
agreement with the magnetic, transport and thermody¬ 
namic measnrements. 


Gharge transport measnrements at higher tempera¬ 
tnres reveal the normal state band strnctnre and mag¬ 
netic natnre of i?FdBi. Fig. 2e presents the semi-metallic 
natnre of the temperatnre dependence of the resistivity 
p(T) for i^FdBi, while the Hall effect carrier density n 
at 1.8 K is very small (n ~ 10^® cm“^) and consistent 


with band calcnlations |lCH.lj - For R — Sm, Gd, Tb, 


Dy and Ho, an anomaly associated with magnetic order 
is observed in the resistivity at temperatnres consistent 
with the thermodynamic measnrements. Except for R — 
Gd, all heavy R members of the i^FdBi series nndergo 
a snpercondneting transition at low temperatnres as evi¬ 
denced in low-temperatnre resistivity measnrements pre¬ 
sented in Fig. 4a. We observe a rather high transition 
temperatnre (~ 1.6 K) for non-magnetic YFdBi and 
LnFdBi, while no trace of snpercondnetivity is fonnd for 
GdFdBi down to 20 mK. As plotted in Fig. 4c, we conhrm 
a large diamagnetic screening in ac snsceptibility mea¬ 
snrements that onsets below Tg, consistent with the re¬ 
sistive transition temperatnre and with an estimated fnll 
volnme fraction of the sample as determined by calibra¬ 
tions nsing alnminnm. The large, bnt non-satnrating dia¬ 
magnetic screening has also been observed in other snper¬ 
condneting half Hensler componnds [15l - |l7l . attribnted 
to the extremely long penetration depth [l9|. Note that 
very small traces of an impnrity snpercondneting phase 
with Tc ~ 1.5 K bnt very different magnetic properties 
are mostly removed with proper crystal synthesis meth¬ 
ods (see SM for details). 

Interestingly, specihe heat measnrements for non¬ 
magnetic LnFdBi and YFdBi do not reveal a discernible 
signatnre of within the present experimental resoln- 
tion, as shown in Fig. 4d. With strong evidence for the 
bnlk natnre of snpercondnetivity in the half-Henslers (13- 
the absence of a jump in C(T) can presumably be ex- 
plained by the pecnliar snpercondnetivity in this system: 
low carrier density, non-centrosymmetric strnctnre, and 
coexistence of magnetism and snpercondnetivity. The 
measnred electronic component 7 ^, obtained from hts to 
C/T = 7 n + where is a phonon contribntion, 
is fonnd to be = 0.0 ± 0.5 mJ/mol (Fig. 4d), at¬ 
tribnted to the low carrier density and very small effective 
mass [13 • An estimate of jn based on the carrier density 
n — 10^® cm“^ and effective mass ~ 0.09me, where me 
is electron mass [^, and assnming AC/^nTc — 1-43 for 
the BGS weak conpling limit, yields an expected jnmp 
at Tc of < 0.2 mJ/mol K, beyond the resolntion of onr 
experiment (inset of Fig. 4d). 

Becanse non-centrosymmetry reqnires a mixing of sin¬ 
glet and triplet paring states [211], the absence of a jnmp 
in C'(Tc) may actnally be considered evidence for the 
presence of a dominant triplet component, in analogy 
with the tiny heat capacity jnmp measnred in the Ai 
phase of ^He 2^. This is corroborated by the be¬ 
havior of the npper critical held Hc 2 , which snggests 
an nnnsnal snpercondneting state. We plot Hc 2 for 
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YPdBi, LuPdBi, and DyPdBi obtained from resistive 
transitions as a fnnction of T in Fig. 4b. Hc 2 increases 
linearly with decreasing temperatnre down to ~ Pc/5, 
in contrast with Hc 2 {T) in conventional type II snper- 
condnctors determined by orbital depairing as described 
by the Werthamer-Helfand-Hohenberg theory, Hc2{0) — 
—aTcdHc 2 /dT\T:^Tc, where a is 0.69 in the dirty limit 
and 0.74 in the clean limit (23j. However, Hc2{0) valnes 
of 2.7 T (a = 0.82 ), 2.9 T (a = 0.91 ), and 0.52 T 
{a — 0.93) for Y, Ln, and Dy, respectively, all exceed the 
conventional orbital limit, which can occnr for several 
reasons. Mnltiband effects and Fermi snrface topology 
24l-l26j can give rise to an exceedingly large orbital de- 
airing held, bnt this is not snpported by the calcnlated 


|10H12| and observed [1^, |27j simple band strnctnres. As 
previonsly shown for YPtBi [T^ , the observed Hc 2 cnrve 
is close in form to that of a polar p-wave (triplet) state 
as plotted in the inset of Fig. 4c. Together with the 
snpercondnctivity in the clean limit i > ^ obtained from 
experimental parameters, ^ = 70 nm and = 10 nm, the 
qnasilinear Hc 2 is snggestive of the hnite triplet contribn- 
tion to the pairing state dne to the non-centrosymmetric 
natnre. We note that i7c2(0) is comparable to the Panli 
paramagnetic limiting held Hp (Tesla) = 1.84Tc (K) ob¬ 
tained from a simple estimation within the weak-conpling 
BCS theory with A = 1.76 /cbTc. 

As shown in the phase diagram (Fig. 5), the evolntion 
of magnetism and snpercondnctivity as a fnnction of local 
moment exchange strength reveals a well-behaved trade¬ 
off and coexistence from one gronnd state to the other. 
We plot Tc and Tw as a fnnction of the de Gennes factor 
dG — {gj — 1)^J(J + 1), where gj is the Lande factor 
and J is the total angnlar momentnm of the ion 
Hnnd’s rnle gronnd state. Tn scales well with dG for 
RPdBi, which indicates the conpling between the con- 
dnction electrons and the local magnetic moments giv¬ 
ing rise to the long range magnetic order is dne to the 
RKKY interaction. More interestingly, Tc is snppressed 
almost linearly with dG, which indicates that magnetic 
rare earth ions are a sonrce of magnetic pair break¬ 
ing j^. 

The snpercondnctivity fonnd in RPdBi has several pe- 
cnliar featnres which may give rise to novel phenomena 
involving topological snrface states or excitations. First, 
these snpercondnctors derive from a band strnctnre with 
extremely low carrier density of ~ 10^® cm“^, rivaled 
only by SrTiOs-a; and FeSe j^. In the snpercon- 
dncting state, this together with a very light effective 
mass of 0.09me leads to an extreme long penetration 
depth A ~ 1 /xm; this sitnation can give rise to anoma- 
lons vortex states and also proximity effect to the topo¬ 
logical snrface states if present. More fnndamentally, the 
low carrier density translates to a very small Fermi en¬ 
ergy (on the order of several hnndred Kelvin), pntting 
the nsnal Frohlich approximation (Tp ^ 0 d), and thns 
expected BCS snpercondncting properties, into qnestion. 


This breakdown of the Frohlich approximation may ex¬ 
plain the anomalons estimate of A = Hvf/ttC ~ 210 K, 
obtained from experimental parameters, ^ = 10 nm and 
vf — 8.6 X 10^ m/s. 

Second, non-centrosymmetry of the half-Hensler crys¬ 
tal strnctnre forces an antomatic mixing of singlet and 
triplet pairing states in the snpercondnctivity, resnlt- 
ing in not only complex snpercondncting gap fnnctions, 
bnt also very nniqne excitations involved in the Majo- 
rana fermions in topological snpercondnctors by control¬ 
ling the singlet and triplet contribntions. Indeed, in the 
non-centrosymmetric snpercondnctor Li 2 (Pt,Pd) 3 B, by 
changing the relative concentrations of Pt and Pd, one 
can tnne the spin parity of the gap fnnction from singlet 
domiant to triplet dominant 321. 

Third, the coexistence of magnetism and snpercondnc¬ 
tivity in this system not only adds another of only a few 
canonical magnetic snpercondnctor platforms snch as the 
borocarbide and Chevrel phase js^, bnt may also 
serve as a nniqne platform to investigate topological or¬ 
ders with mnlti-symmetry breaking states. 

Finally, we note that the tnnability of the band strnc¬ 
tnre via chemical means provides an ideal platform for 
traversing the qnantnm phase transition between trivial 
and non-trivial topological states, traversing the critical 
lattice parameter and tnning the interplay between an¬ 
tiferromagnetic and snpercondncting gronnd states con- 
tinnonsly and controllably. Onr transport measnrements 
are qnite consistent with band calcnlations, which re¬ 
veal that RPdBi is a promising candidate for a topo¬ 
logical semimetal. Photoemission stndies of the related 
componnd RPtBi (R = Ln, Dy, and Gd) have observed 
metallic snrface states not inconsistent with TI properties 
predicted by band calcnlations (^ . 

In snmmary, we have investigated the coexistence of 
magnetism and snpercondnctivity in the single-crystal 
RPdBi series. The magnetic rare earth members of this 
series exhibit an antiferromagnetic ordered state with 
Q — (|, |, |) dne to RKKY interaction between con- 
dnction electrons and localized moments. Except for 
GdPdBi, all RPdBi members exhibit bnlk snpercon¬ 
dnctivity with an nnnsnal npper critical held behavior 
that snggests odd parity snpercondnctivity, likely dne to 
the lack of inversion symmetry in the crystal strnctnre. 
The scaling of both magnetic order and snpercondnc¬ 
tivity with de Gennes factor indicates RPdBi to be a 
new family of magnetic snpercondnctors, which together 
with the proposed topological properties provide a nniqne 
platform to investigate the emergence of novel qnantnm 
states of matter. 


METHODS 

Single crystals of RPdBi were grown nsing a Bi self-hnx 
techniqne in a ratio of R:Pd:Bi=l:l:5-10. The typical size 
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of resulting crystals is ~3x3x3 mm^. We confirmed the 
i?PdBi phase with powder x-ray diffraction, without any 
measurable impurity phase except very small traces of Bi 
flux (see Supplementary Material for more information). 
Low-temperature resistivity and AC susceptibility mea¬ 
surements were performed in a dilution refrigerator. The 
AC susceptibility signal was obtained in a driving held 
Hac — 0.1 Oe. We measured high-temperature trans¬ 
port and heat capacity using the ^He option of a PPMS. 
DC magnetization was obtained using a MPMS. In the 
transport and magnetization measurements, we applied 
held along the [100] orientation. The neutron measure¬ 
ments were carried out on the BT-7 spectrometer 341 
using collimations of 80' full-width-at-half-maximum be¬ 
fore and after the pyrolytic graphite (PC) monochroma¬ 
tor and 80' radial collimator after the sample, with the 
1-d position sensitive detector. An incident monochro¬ 
matic beam of A = 2.359 A was employed with a PC 
hlter to suppress higher-order wavelengths. A pumped 
helium cryostat was used to control the sample temper¬ 
ature. 
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FIG. 1: Evolution of lattice constants as a function of rare earth species R in i?PdBi determined by X-ray diffraction, showing the 
lanthanide contraction effect on the half-Heusler cubic (E43m) crystal structure (inset). The dashed line indicates the critical 
lattice constant Uc = 6.62 A demarcation between positive and negative electronic band inversion strength AE = Era —Ere [l^ . 
and therefore between i?PdBi members with predicted topologically non-trivial (squares) and trivial (circles) band structure. 
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FIG. 2; Physical properties of i?PdBi single crystals, focusing on evolution of magnetic order with rare earth species R = 
Sm, Gd, Tb, Dy, Ho, Er, and Tm. a Magnetic susceptibility M/H of J?PdBi members with magnetic R species, showing 
Gurie-Weiss behavior and clear, abrupt decreases m M/H denoting antiferromagnetic transitions. Inset presents data for non¬ 
magnetic YPdBi and LuPdBi, exhibiting diamagnetic behavior, b Low-temperature zoom oi M/H for Tb, Dy, Ho, Er, and Tm 
and c for Gd and Sm, with arrows indicating Neel temperatures. (Note: 1 emu/mol Oe=47rxlO“® m^/mol.) d Magnetization 
M at 2 K for magnetic rare earth members R = Sm, Gd, Tb, Dy, Ho, Er, and Tm. e. Electrical resistivity of all members 
in the temperature range 2 K - 300 K, showing non-monotonic temperature dependence in all species. The inset presents the 
charge carrier density nn obtained from single-band analysis of Hall effect measurements performed at 1.8 K (see text). The 
sign of all carriers is positive. 
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FIG. 3: Characterization of antiferromagnetic order with elastic neutron diffraction, a, Low temperature magnetic diffraction 
pattern of DyPdBi obtained by subtracting 18 K data from 1.5 K data. Labels indicate the series of half-integer antiferro¬ 
magnetic peaks, b, antiferromagnetic order parameter of single-crystal TbPdBi obtained from the intensity of the (0.5,0.5,0.5) 
magnetic Bragg peak. Solid curve is a mean-field fit to the data, and the inset presents a schematic of the antiferromagnetic 
spin structure. 
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FIG. 4: Superconducting state properties of i?PdBi single crystals, a, Resistivity of RPdBi at temperatures below 2 K, 
showing superconducting transitions for each compound, b, Temperature dependence of upper critical field Hc 2 obtained 
from the resistive transition for YPdBi, LuPdBi and DyPdBi. The inset shows the normalized upper critical held h* = 
Hc 2 /TcdHc 2 /dT\T=Tc as a function of normalized temperature t = T/Tc for YPdBi, with dashed line indicating the expectation 
for a polar p-wave state, c, AC susceptibility of single-crystal samples of RPdBi. The magnitude of the screening below the 
superconducting transition is comparable to a test sample of superconducting aluminum, conhrming bulk diamagnetic screening 
(see text), d, heat capacity C/T as a function of for LuPdBi. Solid line is a ht to the data using C/T = 7 - 1 - where 7 T 
is the electronic and f3T^ is the phonon contribution to the specihc heat. Inset: enlarged view of the C/T vs near Tc ~ 1.5 
K, with estimated size of jump at the superconducting transition based on BCS expectation shown as an error bar (see text). 
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FIG. 5: Phase diagram of i?PdBi series, indicating evolution of superconducting (SC) and antiferromagnetic (AFM) ground 
states as a function of de Gennes factor dG = {gj — + 1). The superconducting transition Tc (blue) is obtained from 

the midpoint of the resistive transition (circles; upper and lower error bars indicate onset and zero resistance) and the onset 
of diamagnetism in AC susceptibility (diamonds), and Neel temperature Tn (red triangles) is obtained from DC magnetic 
susceptibility. The plotted Tc is scaled by a factor of 10, and solid lines are guides to the eye. Note that Tc (Tn) for SmPdBi 
is lower (higher) than that for HoPdBi. Inset: unsealed Tc and Tn as a function of dG. 
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STRUCTURAL CHARACTERIZATION 


The powder X ray diffraction patterns confirm the for¬ 
mation of i?PdBi phase with a MgAgAs-type strnctnre 
(space gronp F43m) as shown in Fig. SI. Except for Bi 
flnx residnes, the observation of single phase of i^PdBi 
ensnres the observed magnetism and snpercondnctivity 
are intrinsic. The obtained lattice parameters are close 
to the reported valnes (Fig. 1 in the main text). 


EXCLUSION OF POSSIBLE IMPURITY PHASES 


and ~0.5 T for DyPdBi. 

The discrepancy of the transition temperatnre and 
critical held indicates the observed snpercondnctivity in 
i^PdBi is intrinsic, not dne to the contamination of Pd-Bi 
snpercondncting alloys. Besides, we note that amorphons 
Bi nndergoes snpercondnctivity at Tc = 6 K [s^, also in¬ 
consistent with the observed Tc in i^PdBi. Interestingly, 
heat treatments at ~ 200°C indnce snrface snpercondnc¬ 
tivity with Tc of 1.6 K in all i?PdBi, independent of the 
de Gennes factor, which cannot be explained by the for¬ 
mation of a secondary phase and may be correlated with 
the topological natnre. 


Althongh X ray diffraction patterns show a single 
phase with small hnx residnes in onr samples, it is worth 
exclnding the possible contamination of extrinsic snper¬ 
condncting phases from the observed snpercondnctivity. 
The possible extrinsic phases can be well-known binary 
snpercondnctors consist of Pd and Bi. The binary al¬ 
loys have different crystal strnctnres with different Tc, 
namely, monoclinic a-BiPd (space gronp P2\) with Tc — 
3.8 K and iiqHc 2 {^) — 0.7 T [s^, monoclinic a-Bi 2 Pd 
{C^jva) with Tc — 1.7 K j^, and tetragonal /3-Bi2Pd 
(/4/mmm) with Tc — 5.4 K and (0) (A^o-f^c2(0)) = 
1.1 (0.7) T [33 • Since the observed transition tempera¬ 
tnre in i^PdBi does not exceed 1.6 K as shown in Fig. 5 in 
the main text, we can easily exclnde the contamination 
of monoclinic a-PdBi and tetragonal ;d-PdBi 2 with mnch 
higher Tg. On the other hand, Tc of Q;-Bi 2 Pd, rather close 
to the observed Tc of i?PdBi, reqnires farther investiga¬ 
tion as described the following paragraph. 

To have a closer look at the snpercondncting proper¬ 
ties of Q;-Bi 2 Pd, we present the resistivity of single crys¬ 
tals obtained from flnx method in Fig. S2a. Resistivity 
shows metallic behavior on cooling, followed by the sn¬ 
percondncting transition at 1.3 K, slightly lower than 
the reported Tc [s^. The snpercondnctivity is strongly 
snppressed by magnetic held, and the critical field ob¬ 
tained from the resistive transition is approximately 300 
Oe along ont-of- and in-plane orientations at 400 mK 
(Fig. S2b). The extremely small critical held in mon¬ 
oclinic a-Bi 2 Pd is strongly snggestive of inconsistency 
with the observed iiqHc 2 of ~3 T for YPdBi and LnPdBi 


HEAT CAPACITY 


Besides the resistivity and magnetic snsceptibility 
shown in the Fig. 2, low temperatnre heat capacity also 
reveals the magnetic transition for RPdBi except for Tm 
and non-magnetic Y and Ln as shown in Fig. S3. The 
heat capacity jnmp at Neel temperatnre Tn is gigantic, 
and its magnitnde is the order of J/mol K^, snggesting a 
hnge release of magnetic entropy. Note that npon cool¬ 
ing to 400 mK, the heat capacity for TmPdBi continnes 
to increase, indicating a possible precnrsor of a magnetic 
transition below the base temperatnre of 400 mK. We list 
the obtained Tjv in TABLE SI. 


MAGNETIC PROPERTIES 


As shown in Fig. 2 in the main text, the tempera¬ 
tnre dependence of the snsceptibility for magnetic rare 
earth RPdBi shows Cnrie-Weiss behavior at high tem- 
peratnres, indicating that the magnetic properties orig¬ 
inate from localized 4/ electron moments. From htting 
of the Cnrrie-Weiss law, we obtained the effective mo¬ 
ments of 4/ electrons, fieff, close to the theoretical ones 
for respective free ions, fifree, snmmarize in TABLE 
SI. The obtained Weiss temperatnres 0m are negative, 
consistent with the observed antiferromagnetic orderings 
in this system. 
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R 

Tn (K) Qw (K) Heff 

) l^free 

Sm 

3.4 

-258 

1.9 

0.85 

Gd 

13.2 

-49.6 

7.66 

7.94 

Tb 

5.1 

-28.9 

9.79 

9.72 

Dy 

2.7 

-14.3 

10.58 

10.65 

Ho 

1.9 

-9.4 

10.6 

10.6 

Er 

1.0 

-4.8 

9.18 

9.58 

Tm 

<0.4 

-1.7 

7.32 

7.56 


TABLE I: Neel temperature Tn obtained from the heat capacity and magnetization, Weiss temperature 0vu, and the effective 
moments Heff for i?PdBi obtained from a fit to the Curie-Weiss expression. The obtained effective moments are close to the 
free ion moments Hfree except for Sm. 




FIG. SI: X ray diffraction patterns for J?PdBi with Cu Ka radiation. Cross symbols are observed data, and lines are 
theoretical calculations. Upper markers and lower makers correspond to reflections for RPdBi and for elemental Bi. For Sm, 
Gd, Dy, and Tb, we used two different Bi with E2m (middle markers) and Fm3m (bottom markers) for the refinements. 
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FIG. S2; Transport properties of PdBi 2 . a, Resistivity as a function of temperature for PdBi 2 . Inset: low temperature 
part of the resistivity, b, Field dependence of resistivity. 
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FIG. S3: Specific heat as a function of temperature for J?PdBi. Except for non-magnetic Y and Lu, i?PdBi undergo 
antiferromagnetic order at low temperatures. The steep increase in the heat capacity of TmPdBi at low temperatures suggests 
a possible precursor of magnetic order below 0.4 K. 























